




















QUT Digital Repository:  
http://eprints.qut.edu.au/ 
Dawes, Les A. and Campbell, Duncan A. and Dansie, Brenton and Beck, Hilary and 
Wallace, Sam (2008) Inspiring secondary and tertiary students through applied 
electronics. In: 19th Annual Conference for the Australasian Association for 
Engineering Education: To Industry and Beyond, 7-10 December 2008, Yeppoon, 
Queensland. 
 
    © Copyright 2008 [please consult the authors] 
Dawes, Campbell, Dansie, Beck & Wallace, Inspiring secondary and tertiary students through applied 
electronics 
Proceedings of the 2008 AaeE Conference, Yeppoon, Copyright © Dawes, Campbell, Dansie, Beck & Wallace 
1 
Inspiring secondary and tertiary students through 
applied electronics  
 
Les Dawes, Queensland University of Technology 
l.dawes@qut.edu.au 
 
Duncan Campbell, Queensland University of Technology 
da.campbell@qut.edu.au 
 
Brenton Dansie, University of South Australia 
b.dansie@unisa.edu.au 
 
Hilary Beck, Queensland University of Technology 
h.beck@qut.edu.au 
 
Sam Wallace, Queensland University of Technology 
samwal@dodo.com.au 
Abstract: The decline in engineering enrolments internationally, coupled with a high 
attrition rate and dramatic skills shortages, has focussed attention on the imperative to 
stimulate interest among secondary school students in the study of Engineering.  
Several programs have been developed for this purpose already with varying success.  
This paper reports on the ATN Engineering in Schools project at Queensland University 
of Technology (QUT), which stimulates interest in electronics for Years 9 and 10 as 
prerequisites to subject selection for senior secondary school.  This program was 
established under the auspices of the University of South Australia, which has also 
developed appropriate electronics projects, curriculum and hardware.  Complementing 
this program, QUT has developed an advanced microcontroller application called the 
Electronic Teaching Tool (ETT) which links projects to the technology curriculum 
along a broad spectrum. QUT’s approach utilises senior university students as mentors 
to the students of the three pilot secondary schools in Brisbane. Significant benefits are 
expected for secondary school students, teachers, and university students engaging in 
this collaborative program. 
Introduction  
Many nations, including Australia, have experienced a decline in the number of graduating engineers, 
an overall poor preparedness for engineering studies in tertiary institutions, and a lack of diverse 
representation in the field (Dawes & Rasmussen, 2007, Downing, 2006). Today’s school leavers have 
little understanding of the breadth that the engineering profession can offer in terms of career choices. 
Given the increasing importance of engineering and its allied fields in shaping our lives and the much 
publicised shortages of engineers globally, it is imperative that we foster in students an interest and 
drive to participate in engineering from a young age.  By increasing their awareness of engineering as 
a career path, and demonstrating the links between engineering and the enabling subjects of 
mathematics and science, students will be in a better position to make relevant subject selection 
choices for the senior years of high school (Downing, 2006) that enable them to enter engineering 
courses at tertiary level. 
The proportion of year 12 students studying appropriate enabling subjects in mathematics and science 
has continued to decline at the same time that skill shortages in engineering have emerged (Barrington 
& Brown, 2007). Furthermore, the representation of women in engineering is still low, despite some 
efforts at the tertiary level to attract more female students (Dhanaskar & Medhekar, 2004).  
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The recent Carrick Report, Addressing the Supply and Quality of Engineering Graduates for the New 
Century (March, 2008) highlights the importance of developing partnerships between engineering and 
education faculties and the need for consortia of engineering schools, secondary schools, and industry 
to develop contemporary engineering resources to support school-level mathematics, science, and 
technology subjects. Further, the Science Technology Engineering and Mathematics (STEM) approach 
of the Queensland Government foregrounds the need to consider demand-driven factors of 
technological education. 
This paper presents ongoing work carried out at QUT under the ATN Universities “Engineering in 
Schools Project”, a Collaboration and Structural Reform Fund grant from the Federal Government, to 
undertake a range of activities to enhance the profile of Engineering. The project focuses on 
developing an embedded curriculum approach that highlights the diverse role that Engineering plays 
in society and the importance of STEM subjects. More specifically, one of the components of the 
project aims to develop interest in electrical and electronic engineering using CDIO Standards 
(Conceive, Design, Implement and Operate) moving from science based education to Design-Build 
experiences based on experiential learning, to excite students about engineering as a career. A total of 
15 schools in the five states have been invited to participate in the project which commenced in late 
2007. The project will continue to develop a range of curriculum resources in collaboration with 
secondary school staff and provide professional development for them as well as in-class support 
provided by senior students from the Universities involved.  
Engaging Students 
There are many programs aimed at developing an awareness of what engineers do, thereby turning the 
declining engineering numbers around in both Australia and in the US. These programs generally fit 
into the categories of outreach programs, competitions, summer schools, speaker programs, site visits, 
career advisers and teacher resources. Some examples of these include The Authentic Teaching 
Alliance (ATA), a National Science Foundation (NSF) sponsored program; The Virginia Middle 
Schools Engineering Education Initiative (VMSEEI), the Infinity Project, and the international Project 
Lead the Way. In Australia, similar strategies are promoted. The Queensland University of 
Technology (QUT) SQUEAK program has developed hands-on activity kits, well grounded in 
engineering principles, which enable students to directly experience the relevancy of their education to 
“real world” problems, as well as experience a direct link between their education, their community 
and themselves (Dawes & Rasmussen, 2007).  
Many of these programs are on the right track and seek to engage the student, albeit in some cases, for 
a short duration. Follow-up and reinforcement are required to increase their impact and overall 
effectiveness. What differentiates the SQUEAK, Australian School Innovation in Science, Technology 
& Mathematics (ASISTM) at QUT and UniSA and Schools Technology Project (Monash) programs 
from other Australian programs is that they are developed with school teachers, run in parallel with the 
school curriculum and enable students to relate their experiential learning with theory in the 
classroom. One aspect these programs have in common with a number of the successful US programs 
is engaging senior engineering students as mentors. Feedback from high school students over the past 
five years confirms that the connection between them and the young university students is valued far 
more than using lecturing staff. 
The importance of including engineering undergraduates as mentors was highlighted in two recent 
(ASISTM) projects conducted in secondary schools by Dawes & Byers (2007), and in the Electronics 
across the Curriculum program at the University of South Australia along with the QUT SQUEAK 
program which has been successfully running since 2002 (Dawes & Rasmussen, 2007). The 
engagement of the undergraduates in the classroom activities led to positive gains by all stakeholders, 
with classroom students connecting with young aspiring engineers in context-rich, group-based 
activities. Indeed, engineering communities are stressing the importance of finding “better mentors 
and role models, making engineering ‘cool’ and accessible for all constituencies, especially females 
and minorities (Douglas et al., 2004). 
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ATN Engineering in Schools Program 
Background 
The origin for the idea of the National ATN Engineering in Schools program derives from the work by 
the University of South Australia under the banner of the Robotics Peer Mentoring program. This 
program involves undergraduate students in supporting the delivery of curriculum to Year 10 
secondary school students. These secondary school students are required to solder an electronic circuit 
board, attach it to a mechanical base and learn how to use graphical Assembler package CoreChartTM 
software to program the microcontroller to follow lines.  This program complements and extends the 
many successful strategies already in place across Australia, examples of which include the Robotics 
Peer Mentoring program delivered by the University of South Australia, The Engineering Links 
Programme at University of Technology, Sydney, and the SQUEAK program at QUT. 
A crucial part of the program is the establishment of local project groups at each ATN University led 
by key academic staff members for the institution/State and including representatives from the 
participating secondary schools and industry. Each of the states has developed their own approaches. 
For example in Western Australia, inspired by the Engineers Without Borders Challenge,  the schools 
involved are undertaking projects to identify solutions to problems faced by small third world villages 
such as clean water and the need for low cost cooking. The Engineering in Schools project at QUT 
enjoys close liaison with the pilot schools whose interest in this subject area is so strong that two of 
the three schools have three classes enrolled and several schools are interested in participating next 
year. The selection of the initial pilot schools focussed on existing relationships through outreach and 
teacher collaboration.  
 
Program Components 
The UniSA ASISTM project has developed a number of resources relevant to the ATN Engineering in 
Schools project. These resources are designed in a staged way to take young students from the basics 
of soldering and component identification, through to more advanced technical creations. They include 
a component recognition board; the design and build of a racing car with the associated mathematics 
of vehicle control; the design and build of an electronic soil moisture probe with associated science of 
water and soil and a set of curriculum materials based around the theme of water management with a 
particular focus on grey water reuse. Open ended project activities have been developed to 
demonstrate the engineering design processes of prototyping, sensing and control. The links between 
the curriculum materials and their use within the technology curriculum area are clear. 
 Independently, QUT has developed an advanced microcontroller application which compliments the 
resources developed by UniSA. This Electronic Teaching Tool (ETT) is used to develop a good 
understanding of basic electronics and engineering concepts, data logging and software and algorithm 
design by allowing students the scope to experiment and create real-world applications. Figure 1 
illustrates the component recognition board, the prototyping board and the ETT which form a pathway 
for progressive skill development.   
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Figure 1: The road to electronics. The UniSA Component Recognition board (entry level), the 
UniSA prototyping board (intermediate), and the QUT ETT trainer (advanced). 
QUT proposes an integrated skill development model encompassing all secondary years and leading 
into first year university studies, as illustrated in Figure 2. 
 
 
Figure 2: A recommended Engineering in Schools Program for electronics skill 
development 
A key component of the program is the creation of dynamic partnerships between secondary schools, a 
leading tertiary institution and industry. The secondary schools will integrate the electronic projects 
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within the curriculum, and will evaluate their impact, in consultation with the academic coordinators. 
The main role of the university student mentors is to enrich the projects and enhance student learning 
experiences by:  
• engaging with students in discussion about the relevance of the activity to its real world context 
and future study and career options;  
• assisting with the hands-on aspects of the activity; and  
• acting as role models and mentors for secondary school students. 
Training and support provided to the schools by project officers, academic staff and the university 
mentors will be critical to the success of the project. The involvement of University students with the 
requisite technical skills is an important part of this approach, along with staff development for 
secondary school staff who do not have electronics or engineering backgrounds.  
Mentoring and Teacher Professional Development 
Senior electrical engineering design students have volunteered and been selected as mentors for 
secondary schools.  Interest in this novel project was so strong that a team of six students has been 
allocated to each of the three pilot high schools.   Mentors are supported technically by a senior 
academic and embedded systems engineer, and initial training in mentoring has been provided.   
Broad professional development for secondary school teachers is provided by the national program.  
However, additionally at a State level, QUT is aware that for professional development to be effective, 
it must address the teachers concerns and help them become comfortable implementing engineering 
design activities in the classroom (Cejka, 2005).  The goal of teacher professional development is to 
enhance teachers’ technical knowledge, enabling them to create classroom change to improve the 
learning environment for students.  
Developing Networks Industry Support 
To maintain real world legitimacy and currency of skill development in electronics, it is important to 
establish connections to industry partners and best practice. Suitable industry partners will offer many 
modes of support, however, it is reasonable that they will expect something in return from the 
program. Many visionary companies recognise the value of committing to educational activities such 
as the ATN Engineering in Schools project. Such expectations may include higher exposure of their 
product-line both directly and indirectly through the educational partner(s). Expectations often include 
access to ideas and designs with the view of creating a community of practice with rich resources, 
thereby exposing the product to a wider audience. 
QUT has developed, on behalf of the broader ATN program, a mutually beneficial and supportive 
relationship with Microchip Technology Inc based in the US. Microchip was selected because it is an 




The performance of the program and its components will be appraised by teachers involved in the 
project, as well as secondary and tertiary students, to determine success in achieving the desired 
outcomes. This appraisal is an integral component of the project’s quality assurance strategy. This 
process will be facilitated by the collection of data from a longitudinal survey instrument that provides 
useful feedback on how the project performed in three areas: 
 
1. enhancing student interest and engagement in learning;  
2. improving student learning outcomes; and  
3. fostering quality teaching through improved approaches and techniques in the classroom. 
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Predicted Outcomes  
The ATN Engineering in Schools program is orientated towards achieving a number of sustainable 
benefits for each of its key stakeholders, including secondary students, teachers and secondary 
schools, Universities, and the engineering profession.  
Secondary Student Benefits 
The intended benefits for all students involved in the program are derived from the enhanced skill 
development in electronics. Students will have an increased capacity for innovation by learning in an 
environment that requires them to connect classroom learning to real-world applications. 
Consequently, it is foreseen that increased student engagement and interest in studying STEM subjects 
in senior years of schooling will stimulate their progress into future study and potential careers in 
engineering and technology. 
Secondary Teacher Benefits 
Benefits to secondary teachers include increased knowledge of electronics, confidence in initiating 
engineering design projects in the classroom, and the potential to be leaders in their field of education. 
Furthermore, teachers will have the opportunity to work with, and learn from, tertiary educators and 
practising professionals in developing, implementing and reviewing the project and its effects on 
student learning. This will lead to a dynamic, collaborative, professional network between these 
schools, assisting teachers to gain improved teaching approaches and techniques, and new resources to 
positively influence their students.  
University Benefits 
The benefits to the university are two-fold. Firstly, senior engineering students have an opportunity to 
participate in a program that helps them develop generic capabilities of problem solving, 
communication, team-working, and working for a client with end users. Beyond bringing their 
experience and knowledge into the classroom as mentors, the engineering students also serve as role 
models to the secondary school students. This will enlighten them to the need of being involved in 
educational issues, and allow them to recognise their ability to meaningfully affect the lives of others.  
The second benefit is institutional and allows universities to attract high quality STEM students to 
continue their higher education within that organisation.  
Universal Benefits 
Of course, the main benefit is to the engineering profession and the industries that employ engineers. 
Conclusion 
The Engineering profession is struggling to attract and retain competent engineers all around the 
world.  This problem endures despite the many programs developed in worldwide to attract students to 
this worthy and lucrative profession.  While it is too early to measure the success of QUT’s 
involvement in the ATN Engineering in Schools Project, there is strong optimism and some anecdotal 
evidence that such programs are making inroads to resolving these problems.  Research reveals that it 
is extremely difficult to measure success of such programs by tracking participants through to 
university.  However, one US program, the Infinity Program, claims that 83% of students involved in 
their program were considering engineering as a career. 
The ATN Engineering in Schools Project is at the forefront of tackling these problems with a multi-
faceted program that, among other initiatives, introduces technology content to the curriculum in year 
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